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Abstract:  Surface  or  near-surface  temperatures  at  time  of  deposition  probably 
were  between  8°and  13°  C.  Systematics,  camera  lucida  drawings,  optical  micro- 
scope photographs,  and  scanning  electron  micrographs  are  included.  The  slides 
and  specimens  used  in  this  study  will  be  deposited  in  the  California  Academy 
of  Sciences  Department  of  Geology  Tj'pe   Collection. 

INTRODUCTION 

This  study  was  tindertaken  in  an  attempt  to  test  further  the  rehability  of  the 
new  paleoecolofiical  tenii>erature  curve  methodology  used  in  our  studies  of 
current  antarctic  silicoflagellates'  (Mandra,  1969,  1970).  The  methodology 
de}>ends  upon  the  ratio  of  two  genera,  Dictyocha  and  Distephanus. 

In  our  antarctic  deep-sea  core  samples  studied  to  date,  these  microorganisms 
were  not  abundant.  Therefore  it  became  necessary  to  test  this  new  paleo- 
ecological  procedure  with  a  faunule  of  abundant  silicoflagellates.  The  Baja 
California,  Mexico,  material  was  selected  for  study  because  it  was  known  to 
contain  an  abundance  of  these  microorganisms. 

The  diatomite  sample  came  from  California  Academy  of  Sciences  locality 
number  39904.  The  site  is  about  15  miles  west  of  San  Felipe,  Baja  California, 
Mexico;  latitude  31°03'  North,  longitude  115''04'  West,  northeast  and  adjacent 
to  figure  "58"  shown  on  a  road  on  the  San  Felipe  topographic  sheet.  Series 
F501,  Sheet  NH  11-3,  edition  lAMS,  scale  1:250,000.  The  map  was  printed 
in  1961  as  a  traverse  mercator  projection  based  on  photographs  taken  in  1957 
and  completed  in  1959.  The  sample  was  collected  by  W.  Marlin  Childers  in 
1967. 

The  authors  have  not  yet  had  the  opportunity  to  visit  the  site  from  which 
the  sample  was  collected.  The  area  has  been  studied  by  the  late  Dr.  Edwin  C. 
Allison,  Dr.  R.  Gordon  Gastil,  and  their  students.  At  present,  the  only  published 
source  of  stratigraphic  information  for  the  locality  is  the  late  Dr.  Leo  G.  Hert- 
lein's  paper  (1968,  p.  404-405)  which  indicates  that  the  sample  appears  to  be  late 
Miocene  ( Mohnian-Delmontian ) . 

Slides  used  in  this  report  will  be  deposited  in  the  California  Academy  of 
Sciences  Department  of  Geology  Type  Collection. 

PROCEDURES 

A  total  of  25  counts  of  fossil  Dictyocha  and  Distephanus  were  made  on  10 
strewn  slides.  Approximately  two  horizontal  searching  traverses  were  made  on 
each  of  the  18  mm.  circular  cover  slips  near  their  maximum  dimension.  A 
mechanical  stage  and  the  optical  combination  of  10  X  objective  and  12.5  X 
eye  pieces  were  used.   Only  the  first  200  Dictyocha  and  Distephanus  observed 


1  Silicoflagellates  are  dcfinerl  here  as  marine,  planktonic  Mastigophora  (Protozoa)  with  a  flagellum,  pseudo- 
podia,  and  a  skeleton  of  hollow  siliceous  rods.  These  organisms  also  contain  color  pigment  organelles  and 
therefore  are  treated  In'  some  authorities  as  plants   (Algae)  and  by  others  as  an  animal-plant  group   (Protista). 
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Table  1.     Observed  frequencies  and  ratios  by  counts  and  slides. 


Ratio  ( 

■=Dktyoc  ha /Distcphanus 
rounded  off  to  tlie 

Count 

Slide 

Dictyocha 

Distcphanus 

nearest  hundredth) 

Series  A 

1 

4 

22 

178 

.12 

2 

4 

30 

170 

.18 

3 

4 

35 

165 

.21 

4 

4 

26 

174 

.15 

S 

8 

34 

166 

.20 

6 

8 

23 

177 

.13 

7 

11 

30 

170 

.18 

8 

11 

26 

174 

.15 

9 

12 

33 

167 

.20 

10 

12 

2S 

175 

.14 

11 

13 

29 

171 

.17 

12 

13 

20 

180 

.11 

Series  B 

13 

4 

35 

165 

.21 

14 

S 

34 

166 

.20 

IS 

5 

37 

163 

.23 

16 

6 

30 

170 

.18 

17 

7 

56 

144 

.39 

IS 

7 

32 

168 

.19 

19 

8 

34 

166 

.20 

20 

9 

54 

146 

.37 

21 

10 

57 

143 

.40 

22 

10 

54 

146 

.37 

23 

11 

39 

161 

.24 

24 

12 

37 

163 

.23 

25 

13 

38 

162 

.23 

were  counted.  These  two  genera  are  used  in  the  classical  sense  of  Gemeinhardt 
(1930),  and  Schulz  (1928);  and  in  the  current  usage  of  Marshall  (1934), 
Wailes  (1939),  Margalef  and  Herrera  (1957),  Mandra  (1960),  Tsumura 
(1963),  Glezer  (1966),  Mandra  (1968),  Mandra  and  Mandra  (1969),  Bach- 
mann  (written  communication,  dated  June  22,  1970),  Ling  (1970),  Hanna 
(1970),  and  Mandra  and  Mandra  (1970).  In  this  usage  the  presence  of  the 
apical  ring  of  Distephanus  separates  it  from  Dictyocha  which  has  no  apical  ring. 
The  counts  are  recorded  on  table  1. 

PALEOTEMPERATURE  RESULTS 

The  25  ratios  tabulated  in  table  1  can  be  summarized  as  follows: 
high  .40 

low  .11 

median  .20 

mode  .20 

arithmetical  mean  .22 
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In  this  study,  the  median,  mode,  and  the  arithmetical  mean  are  remarkably 
consistent.  When  applied  to  the  temperature  curve  (see  page  4)  they 
indicate  that  the  average  temperature  of  the  surface  or  near-surface  marine  waters 
in  the  area  of  deposition  at  time  of  deposition  of  the  diatomite,  probably  was 
about  10°  C.  The  high  (.40)  and  low  (.11)  extreme  ratios  indicate  probable 
temperatures  in  the  ranges  15°  C.  to  10°  C,  and  10°C.  to5°C.  If  these  data 
are  combined,  then  the  indicated  temperatures  probably  were  in  the  approximate 
range  13°  C.  to  8°  C. 

The  temperature  curve  methodology  seems  to  yield  data  that  are  consistently 
reliable,  but  its  degree  of  precision  has  not  yet  been  determined.  False  accuracy 
should  be  avoided.  Most  marine  water  temperatures  fluctuate  at  least  a  few 
degrees  each  year,  and  a  single  sample  of  marine  diatomite  represents  a  number 
of  years.  Therefore  in  terms  of  paleoecology  it  appears  to  be  more  meaningful 
and  more  realistic  to  express  paleotemperatures  determined  by  this  procedure, 
at  this  time,  in  terms  of  a  temperature  range.  Because  of  the  above  reasons 
and  the  ^vide  range  of  our  ratio  data,  we  prefer  to  report  that  the  surface  or 
near-surface  temperatures  of  this  San  Felipe  Miocene  silicoflagellate  faunule 
at  time  of  deposition,  in  the  area  of  deposition,  probably  were  between  8°  to 
13°  C.  (rather  than  the  10°  C.  indicated  by  the  three  averages  of  the  ratios). 

The  late  Dr.  G  Dallas  Hanna  reported  (in  Hertlein,  1968,  p.  404)  a  small 
sample  of  the  flora  from  this  diatomite.  His  list  of  32  species  of  diatoms  is 
reproduced  here,  because  these  diatoms  are  found  with  the  silicoflagellates  on 
the  strewn  slides  used  in  our  study;  and  because  his  list  could  be  used  for 
further  work  on  the  paleotemperatures  of  this  diatomite.  The  late  Dr.  Hanna 
did  not  have  time  to  complete  his  study  of  this  diatomite,  hence  no  indication 
of  relative  abundance  of  diatoms  is  currently  available. 

Dr.  G  Dallas  Hanna's  list  of  species  oj  diatoms  from  locality  39904  (CAS). 

Actinocycliis  octonarius  Ehrenberg  Coscino discus  nitidus  Gregory 

Actinocydus  ralfsii  (W.  Smith)  Coscinodisciis  pacificus  Grunow 

Actinoptychus  senariiis  Ehrenberg  Coscinodisciis  stellaris  Roger 

Amphora  eulensteinii   Grunow  Diploneis  ornata  Schmidt 

Asterolampra  jlabellata    (Greville)  Eupodisctis  calif orniciis  Grunow 

Aulacodiscus  margaritaceus  Ralfs  Grammatophora  maxima  Grunow 

.Aulacodiscns  thumii  A.  Schmidt  Navicula  campylodiscus  Grunow 

Auliscus  sculptus   (W.  Smith)  Navicida  densistriata  Schmidt 

Bacteriastrmn  ftircatum  Shadboldt  Navicida  lyra  Ehrenberg 

Biddidphia  tuomeyii  Bailey  Nitzschia  princeps  Hanna  and  Grant 

Campylodiscus  schmidtii   Grunow  Plagiogramma  antillarum  Cleve 

Clavicula  species  Plagiogramma  tessellatum   Greville 

Cocconeis  dirupta  Gregory  Stictodiscus  calijornicus  Greville 

Cocconeis  sparsipunctata  Brun  Surirella  patens  Schmidt 

Corethron  species  Syndendrium  diadema  Ehrenberg 

Coscinodiscus   apiculatus  Ehrenberg  Trachyneis  aspera  (Ehrenberg) 

Coscinodisciis  kiitzingii  Schmidt  Xanthiopyxis  species 
Coscinodiscus  lineatus  Ehrenberg 
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SYSTEMATIC  CATALOGUE 

The  following  fourteen  taxa  are  reported. 

1.  Cannoptlus  binociilus  (Ehrenberg) 

2.  Cannopilus  haeckeUi  Lemmermann 

3.  Cannopilus  triommata  (Ehrenberg) 

4.  Dictyocha  fibula  Ehrenberg 

5.  Dictyocha  fibula  var.  aspera  fa.  rhonibica  Schulz 
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6.  Dictyocha  fibula  var.  pentagona  Schulz 

7.  Dictyocha  tri fenestra  Ehrenberg 

8.  Distephanus  crux  (Ehrenberg) 

9.  Distephanus  speculum  (Ehrenberg) 

10.  Distephanus  speculum  fa.  minuta  Bachmann 

11.  Distephanus  speculum  var.  pentagonus  Lemmermann 

12.  Distephanus  cf.  Distephanus  speculum  var.  regularis  Lemmermann 

13.  Distephanus  speculum  var.  septenarius  (Ehrenberg) 

14.  Mesocena  circulus  (Ehrenberg). 

Phylum  PROTOZOA 

Class  MASTIGOPHORA 

Order  Silicoflagellata  Borgert,    1891 

Family  dictyochidae-  Lemmermann,   1901 

Genus  Cannopilus  Haeckel 

Cannopilus  Haeckel,  1887,  p.  1567. 

Type  species.  (By  subsequent  designation,  Frenguelli,  1940,  p.  69) 
Cannopilus  hemisphericus  (Ehrenberg)  =  Dictyocha  hemispherica  Ehrenberg, 
1844. 

World-wide  range  of  genus.   Miocene-Recent. 

Distribution  of  genus.   Cosmopolitan. 

Comment.  For  a  discussion  of  the  role  of  Halicalyptra  Ehrenberg  as  it 
relates  to  Cannopilus  see  Ling  (1970,  p.  99). 

Cannopilus  binoculus  (Ehrenberg). 

(Figures  1  to  11.) 

Dictyocha  binoculus  Ehrenberg,   1844,  p.   79.    Ehrenberg,   1854,  pi.   19,  fig.  42. 
Dictyocha  diommata  Ehrenberg,  1845,  p.  56,  76.    Ehrenberg,  1845,  pi.  33   (XVII),  fig.  6. 
Cannopilus  binoculus   (Ehrenberg).    Lemmermann,   1901,  p.   266,   pi.   11,   fig.   22.    Schulz, 

1928,  pp.  264-265,  figs.  60a,  60b,  60c.    Gemeinhardt,   1930,  p.  73,  fig.  61.    Deflandre, 

1932b,  p.  19,  fig.  50.    Zanon,  1934,  p.  35,  figs.  49-52.    Tsumura,  1963,  pi.  13,  fig.  1. 
Distephanus  speculum  (Ehrenberg).  Deflandre,   1932a,  p.  497,  fig.   15. 
Dictyocha  speculum   Ehrenberg.    Frenguelli,    1938,   p.    120,   fig.   3F.    Tynan,    1957,   pi.    1, 

figs.   11,   12. 
Cannopilus  sphericus   Gemeinhardt.    Frenguelli,    1940,   p.   49,   fig.   5h. 
"Dictyocha  speculum  Ehrenberg  diff.  form".    Bachmann  and  Ichikawa,  1962,  pi.  3,  figs. 

40,  41,  42,  44,  51,  53. 
Cannopilus  schulzi  fa.  longispina  Bachmann  and  Ichikawa,  1962,  pi.  4,  fig.  70;  pi.  8,  fig.  8. 
Distephatius  speculum  var.  cannopiloides  (Proshkina-Lavrenko).    Glezer,  1966,  pp.  288-291, 

pi.  24,  no.  1;  p.  211,  fig.  14,  no.  2. 
Dictyocha  speculum  cannopiloides  Glezer.    Bachmann,  1967,  pi.  8,  figs.  2,  3,  8. 
Dictyocha  speculum  fa.  minuta  Bachmann,  1967,  pi.  7,  fig.  25. 
Cannopilus  hemisphericus  (Ehrenberg).    Jerkovic,  1969,  p.  112,  figs.  211,  212. 


2  Name  corrected  Deflandre,  1950,  page  47   (from  family  Dictyochaceae  Lemmermann,   1901,  page  255). 


8  CALIFORNIA  ACADEMY  OF  SCIENCES  [Occ.  Papers 

Figures   1-3.     Cannopilns  binoculus   (Ehrenberg).    Scanning  electron  micrographs. 

Figure  1.  Approximate  magnification,  1,100X-  Tilt,  0°.  Long  axis  of  apical  windows 
oriented  about  45°  to  long  axis  of  specimen;  two  longest  radial  spines  not  in  same  plane. 

Figure  2.  Approximate  magnification,  1,100X.  Tilt,  45°.  Same  specimen  as  in  figure  1 
rotated  for  different  perspective.  Apical  bar  arched  above  plane  of  apical  window;  two 
apical  accessory  spines  radiate  up  from  apical  ring. 

These  two  views  (figures  1  and  2)  of  the  same  specimen  indicate  that  some  "new  species" 
based  on  one  specimen  on  a  strewn  slide,  could  be  nothing  more  than  a  different  perspective 
of  a  prior  described  species. 

Figure  3.  Approximate  magnification,  3,200X-  Tilt,  0°.  Same  specimen  as  in  figure  1. 
Orientation  micrograph  with  apical  accessory  spine  that  is  highly  magnified  in  figure  4. 


Figures  4-S.     Cannopilus  binoculus   (Ehrenberg).    Scanning  electron  micrographs. 

Figure  4.  Approximate  magnification,  11,OOOX-  Tilt,  0°.  Same  specimen  as  in  figure  3. 
There  are  no  bosses,  no  reticulations  and  no  scale-hke  structures  on  the  smooth  surface  of 
apical  spine  and  apical  ring. 

Figure  5.  ^Approximate  magnification,  2,250X-  Tilt,  20°.  Same  specimen  as  in  figure  9. 
Details  of  surface  of  basal  body  ring,  lateral  rods,  apical  ring,  and  central  bar  of  apical 
system.  Small  bosses  are  on  the  lateral  rods,  apical  ring,  and  outer  portion  of  all  six  radial 
spines.  The  basal  body  ring  and  inner  portion  of  all  six  radial  spines  are  smooth,  and  free 
of  bosses. 

No  reticulations  were  observed  on  the  surfaces  of  these  specimens. 


Figures  6-8.     Cannopilus  binoculus   (Ehrenberg).    Scanning  electron  micrographs. 

Figure  6.  Approximate  magnification,  1,100X-  Tilt,  0°.  Specimen  differs  from  figures 
5,  9,  10,  and  11  by  having  less  bosses,  and  the  long  axis  of  its  apical  window  oriented  almost 
at  right  angles  to  the  long  axis  of  the  specimen. 

Figure  7.  Approximate  magnification,  1,100X.  Tilt,  45°.  Same  specimen  as  in  figure  6 
rotated  for  different  perspective. 

These  two  views  (figures  6  and  7)  of  the  same  specimen  indicate  that  some  "new  species" 
based  on  one  specimen  on  a  strewn  slide  could  be  nothing  more  than  a  different  perspective 
of  a  prior  described  species. 

Figure  8.  Approximate  magnification,  15,00OX-  Tilt,  0°.  Same  specimen  as  in  figure  6. 
Details  of  smooth  surface  with  bosses  and  scale-like  structures.  It  is  not  known  whether 
this  "scale"  is  a  remnant  of  the  specimen's  original  surface  or  debris  stuck  to  the  surface 
by  static  electricity,  as  can  be  seen  in  figure  5. 

Figures  9-11.     Cannopilus  binoculus  (Ehrenberg).    Scanning  electron  micrographs. 

Figure  9.  Approximate  magnification,  1,100X-  Tilt,  0°.  Specimen  differs  from  figures 
1,  2,  and  3  by  having  no  apical  accessory  spines;  six  basal  accessory  spines;  and  a  surface 
partly  covered  by  bosses.   Please  see  figure  5. 

Figure  9  differs  from  figures  6  and  7  by  having  its  long  axis  of  the  apical  windows  at 
about  45°  to  the  major  long  axis  of  the  specimen. 

Figure  10.  Approximate  magnification,  1,100X-  Tilt,  25°.  Same  specimen  as  in  figure 
9  rotated  for  different  perspective.  One  apical  window  almost  hidden;  tips  of  radial  spines 
bent,  and  covered  with  bosses. 

Figure  11.     Approximate  magnification,  1,200X-   Tilt,  20°.    Same  specimen  as  in  figure  9. 
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Type  locality.   Aegina,  Greece;  Upper  Miocene. 

Diagnostic  features.  Skeleton  has  six-  or  seven-sided  basal  body  ring;  six 
or  seven  basal  radial  spines;  six  or  seven  basal  windows  each  of  which  is 
bounded  by  part  of  the  apical  ring  and  by  part  of  the  basal  body  ring;  zero  to 
six  abapical  basal  accessory  spines;  and  two  apical  windows. 

Comment.  Orientation  of  the  long  axis  of  the  two  apical  windows  to  the  long 
axis  of  the  specimen  varies  from  0°  to  90°.  Occasionally  the  two  longest  basal 
radial  spines  are  not  in  one  plane  (fig.  1).  Two  apical  windows  may  be  equal 
or  unequal  in  size,  and  the  apical  structure  may  or  may  not  have  apical  acces- 
sory spines.  No  reticulations  were  observed.  Most  specimens  have  smooth 
surfaces;  a  few  have  a  small  number  of  low  bosses  or  small  scale-like  structures 
on  a  portion  of  their  surfaces.  Tips  of  the  six  basal  radial  spines  of  many 
specimens  are  covered  with  small  bosses.  Frenguelli  (1940,  p.  47)  illustrated 
similar  structures.  Our  specimens  do  not  have  the  granulated  rough  surface 
that  his  specimens  have. 

This  species  appears  to  be  confined  to  the  jMiocene.  However,  a  few  workers 
report  that  it  is  also  found  in  recent  oceans. 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  belong  to 
Cannopilus  binocidns. 

Dimensions.  Average  maximum  length  with  spines,  52/x;  without  spines, 
31ju,.  Average  maximum  width  with  spines,  29ft;  without  spines,  20|U,. 

Cannopilus  haeckelii  Lemmermann. 

(Figures  12  to  16.) 

Cannopilus  haeckelii  Lemmermann,  1901,  p.  267,  pi.  11,  fig.  26. 

Cannopilus  calyptra  Haeckel.    Schulz,   1928,  p.   266,   fig.  62a.    Gemeinhardt,   1930,  p.   75, 

fig.  62.   Deflandre,  1932b,  p.  19,  fig.  53. 
Distephamis  speculum  (Ehrenberg).   Deflandre,  1932a,  p.  497,  figs.  17,  IS. 
Dictyocha  speculum  Elirenberg.   Deflandre,  1936,  p.  37,  fig.  58.   Tynan,  1957,  pi.  1,  fig.  15. 
Dictyocha  boliviensis  Frenguelli,  1940,  p.  47,  fig.  4d. 
Cannopilus  sphcricus  Gemeinhardt.    Frenguelli,  1940,  p.  49,  fig.  5i. 
Cannopilus  hemisphericus  (Ehrenberg).  Stradner,  1961,  p.  91,  pi.  3,  figs.  83,  91.    Bachmann 

et  al.,  1963,  p.  203,  fig.  63.  Jerkovic,  1969,  p.  112,  fig.  206.  Ling,  1970,  pi.  20,  fig.  7. 
Distepkanus  speculum  var.  cannopiloides  (Proshkina-Lavrenko).  Glezer,  1966,  pi.  24,  fig.  4. 
Dictyocha  speculum  cannopiloides  Glezer.   Bachmann,  1967,  pi.  8,  figs.  10,  12-15,  16. 

Type  locality.    Nyermegy,  Hungary;  Miocene. 

Diagnostic  features.  Skeleton  has  six-sided  basal  body  ring;  six  basal 
radial  spines;  six  basal  windows,  each  of  which  is  bounded  by  part  of  the 
apical  ring  and  by  part  of  the  basal  body  ring;  and  four  apical  windows. 

Comments.  Similar  forms  with  three  apical  windows  are  grouped  as 
Cannopilus  triommata,  and  those  with  two  windows  are  Cannopilus  binoculus. 
This  usage  is  preferred  at  this  time  in  order  to  give  small,  unique,  and  homo- 
geneous   taxa    to   biostratigraphers    and   paleoecologists    who    are    striving   for 
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greater  precision.  There  is  considerable  variation  in  the  size  and  arrangement 
of  the  four  apical  windows.  In  a  few  specimens  a  basal  radial  spine  is  split  into 
two  spines. 

This  species  appears  to  be  confined  to  the  Miocene. 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Caunopilns  haeckelii. 

Dimensions.  Average  maximum  length  with  spines,  62/x;  without  spines,  37|U. 
Average  maximum  width  with  spines,  49/j.;  without  spines,  31/x. 

Cannopilus  triommata  (Ehrenberg). 
(Figure  46.) 

Dictyocha  triommata  Ehrenberg,  1845,  p.  56,  76.    Ehrenberg,  1854,  pi.  2,2,   (XV),  fig.  11. 
Cannopilus  triommata  (Ehienberg).    Lemmermann,  1901,  p.  267,  pi.   11,  fig.  25.    Schulz, 

1928,  p.  265,  figs.  61a,  61b,  61c.    Defl.^ndre,  1932b,  p.  19,  fig.  51.    Z.^non,  1934,  p.  35, 

fig.  53.   TsuMURA,  1963,  p.  67,  pi.  13,  fig.  6;  pi.  25,  fig.  6. 
Distephanus  speculum   (Ehrenberg).  Deflandre,   1932a,  p.  497,  fig.   16. 
Dictyocha  speculum  Ehrenberg.    Defl.^ndre,  1936,  p.  37,  fig.  59.    Tynan,   1957,  pi.   1,  figs. 

13,  14.    B.achmann  and  Ichikawa,  1962,  pi.  3,  fig.  54. 


Figures  12-14.     Cannopilus  haeckelii  Lemmermann.    Scanning  electron  micrographs. 

Figure  12.  Approximate  magnification,  1,100X-  Tilt,  0°.  Apical  system  consists  of  four 
apical  windows.    One  basal  radial  spine  is  broken,  exposing  its  hollow  center. 

Figure  13.  Approximate  magnification,  1,100X-  Tilt,  45°.  Same  specimen  as  in  figure 
12  rotated  for  different  perspective.  In  this  orientation,  with  two  apical  windows  hidden, 
the  specimen  could  be  mistaken  for  Cannopilus  binoculus. 

Figure  14.  Approximate  magnification,  10,000  X-  Tilt,  45°.  Same  specimen  as  in  figure 
12.   Details  of  smooth  surface  with  bosses  of  lateral  rods  and  apical  ring. 

Figures  15-16.     Cannopilus  haeckelii  Lemmermann.    Scanning  electron  micrographs. 

Figure  15.  Approximate  magnification,  I.IOOX-  Tilt,  0°.  Specimen  mounted  abapically 
so  that  the  basal  accessory  spines  and  the  bottom  of  the  basal  body  ring  may  be  seen. 

Figure  16.  Approximate  magnification,  1,100X-  Tilt,  45°.  Same  specimen  as  in  figure 
15  rotated  for  different  perspective.  The  six  basal  accessory  spines  have  enlarged  rounded 
ends. 

Figures  17-19.  Dictyocha  jibula  var.  aspcra  fa.  rhonibica  Schulz.  Scanning  electron 
micrographs.    Approximate  magnification,  1,100X. 

Figure  17.     Tilt,  25°   (rotated  around  minor  axis  of  specimen). 

Figure  18.     Tilt,  45°   (rotated  around  minor  axis  of  specimen). 

Figure  19.     Tilt,  45°   (rotated  around  major  axis  of  specimen). 

In  figures  18  and  19  the  thickened  portion  of  the  apical  bridge  is  hidden. 

In  figure  19  one  basal  window  is  hidden:  as  a  consequence  the  specimen  could  be  mistaken 
for  Dictyocha  trifenestra.  Also,  in  figure  19  the  apical  accessory  spine  is  almost  hidden.  All 
three  figures  display  bosses  on  the  surface. 
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Dictyocha  boliviefisis  var.  major  Frenguelli,  1951,  p.  277,  fig.  3a. 

Cannopilus  hemisphaericiis   (Ehrenberg).    Str.adxer,   1961,  p.  91,  pi.  3,  fig.  82.    Bachmann 

et  al,  1963,  p.  203,  fig.  68.   Bachmann,  1964,  pi.  5,  fig.  45.   Ling,  1970,  pi.  20,  fig.  4. 
Cannopilus  schulzi  fa.  longispina  Bachmann  and  Ichikawa,  1962,  pi.  4,  figs.  60,  61,  64,  68. 
Distephanus  speculum  var.  cannopiloides  (Proshkina-Lavrenko).    Glezer,  1966,  p.  211,  figs. 

14,  no.  3;  pi.  22,,  figs.  3,  4;  pi.  24,  figs.  2,  3. 
Dictyocha  speculum  cannopiloides  Glezer.    B.achm.ann,  1967,  pi.  8,  figs.  4,  5,  6,  7,  9,  11. 

Type  locality.  Hollis  Cliffs,  Virginia  and  Nyermegy,  Hungary;  Miocene 
(Helvetian). 

Diagnostic  features.  Skeleton  has  six-sided  basal  body  ring;  six  basal 
radial  spines;  six  basal  windows  each  of  which  is  bounded  by  part  of  the  apical 
ring  and  by  part  of  the  basal  ring:  and  three  apical  windows. 

Comment.  FrenguelH  (1951,  p.  272,  fig.  3a)  illustrated  a  similar  form.  It 
differs  from  our  specimens  in  two  ways:  the  three  windows  of  the  apical  system 
are  equal  in  area,  and  it  has  one  vertical  apical  accessory  spine.  The  differences 
between  Distephanus  and  Cannopilus  can  best  be  understood  by  quoting 
Haeckel's  original  definition  of  Cannopilus.  Haeckel  stated  (1887,  p.  1567), 
.  .  .  "Each  piece  of  the  skeleton  (of  Cannopilus)  is  a  little  fenestrated  hat  or 
topped  pyramid,  as  in  Distephanus.  But  the  apical  mesh  is  simple  in  the  latter, 
in  the  former  it  is  divided  into  several  meshes  by  bars  which  start  in  a  centrip- 
etal direction  from  the  upper  ring"  .  .  . 

This  species  appears  to  be  confined  to  the  Miocene. 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Cannopilus  triommata. 

Dimensions.  Average  maximum  length  %vith  spines,  53/x;  without  spines, 
39/x.   Average  maximum  ^vidth  with  spines,  A9ix\  without  spines,  ZZjx. 

Genus  Dictyocha  Ehrenberg 

Dictyocha  Ehrenberg,   1838   [1840],  p.   128. 

Type    species.     (By    subsequent    designation,    Frenguelli,     1940,    p.     69) 
Dictyocha  fibula  Ehrenberg,  1838  [1840]. 
World-wide  range  of  genus.   Cretaceous-Recent. 
Distribution  of  genus.   Cosmopolitan. 

Dictyocha  fibula  Ehrenberg. 

(For  illustrations  see  Frenguelli,   1940,  p.  43,  fig.   If.    Also,  Marshall,   1934,  p.  62  7,  fig.  3; 
p.  628,  figs.  40a-c.) 

Dictyocha  fibula  Ehrenberg,  1838   [1840],  p.  129,  pi.  4,  fig.  16. 

Type  locality.  Exact  locality  not  cited,  but  Ehrenberg  reported  the  species 
from  Caltanisetta,  Sicily;  Oran,  Algeria;  and  Zante  Island,  Greece.  No  ages 
were  given. 

Diagnostic  features.  Skeleton  elliptical;  radial  spines  at  ends  of  major  and 


18  CALIFORXIA  ACADEMY  OF  SCIENCES  [Occ.  Papers 

minor  axes;  raised  lateral  rods  oriented  approximately  45°  to  major  and  minor 
axes;  and  two  lateral  rods  meet  at  each  end  of  the  apical  bar. 

Comment.  This  species  has  little  stratigraphic  value  because  of  its  long 
geologic  range  (Cretaceous  to  Recent).  However  it  has  paleoecological  signifi- 
cance; when  abundant  it  indicates  warm  water;  and  when  rare  it  could  indicate 
cool  water.   There  is  considerable  morphologic  variation  in  this  species. 

Abundance.  About  10  percent  of  the  2,000  specimens  counted  were 
Dictyocha  fibula. 

Dimensions.  Average  maximum  length  with  spines,  52/x;  without  spines, 
45/x.   Average  maximum  width  with  spines,  37//,;  without  spines,  34/x. 

Dictyocha  fibula  var.  aspera  fa.  rhombica  Schulz. 

(Figures  17  to  25,  and  28  to  33.) 

Dictyocha  fibula  var.  aspera  fa.  rhombica  Schulz,  1928,  p.  253,  fig.  37  [as  Dictyocha  fibula 
fa.  rhombica  in  fig.  37  caption.] 

Dictyocha  fibula  fa.  rhombica  Schulz  [  =  Dictyocha  fibula  var.  aspera  fa.  rhombica  Schulz. 
Results  from  omission  of  "aspera"  in  original  fig.  37  caption].  Gemeinhardt,  1930, 
p.  50,  figs.  40a-c.  Zanon,  1934,  fig.  34.  Tsumura,  1963,  pi.  9,  figs.  8-11.  Ling,  1970, 
pi.  18,  fig.  15. 

Dictyocha  mutabilis  Defl.wdre,  1950,  p.  69,  figs.  203-208,  210.  Tynan,  1957,  pi.  1,  fig.  9. 
Bachmann  et  al.,  1963,  p.  199,  figs.  38,  39.  Bachmann  and  Papp,  1968,  pi.  3,  figs. 
13,  14. 

Dictyocha  ausonia  Deflandre.    Stradner,  1961,  p.  90,  pi.  2,  fig.  68. 

Dictyocha  fibula  Ehrenberg.  Bachmann  and  Ichikawa,  1962,  pi.  7,  figs.  10-14.  Bach- 
mann, 1964,  pi.  2,  fig.  21.    B.ACHMANN,  1967,  pi.  6,  fig.  17. 

Mesocena  elliptica  Ehrenberg.    B.^chmann  and  Ichikawa,  1962,  pi.  9,  fig.  7. 

Dictyocha  fibula  fa.  rotunda  Schulz.   Bachmann  et  al.,  1963,  p.  197,  figs.  34,  35,  37. 

Dictyocha  fibula  var.  fibula  fa.  rhombica  Schulz.    Glezer,  1966,  pi.  15,  figs.  4,  7. 

Dictyocha  cf.  ausonia  Deflandre.    Ling,  1970,  pi.  18,  figs.  1,  2,  3. 

Type  locality.   Mors,  Fuur,  Kusnetzk,  Sendai,  and  the  Atlantic  Ocean. 

Diagnostic  features.  Skeleton  elliptical  to  oval;  short  radial  spines  at  ends 
of  major  and  minor  axes;  raised  apical  bridge  oriented  at  right  angles  to  the 
major  axis  bisects  basal  body  ring;  two  small,  equal  size,  basal  windows,  and 
two  larger,  equal  size,  basal  windows;  surface  slightly  granulated  or  covered 
with  small  bosses;  and  apical  accessory  spine  present  or  absent. 


Figures  20-21.     Dictyocha   fibula    var.    aspera    fa.    rhombica    Schulz.     Scanning    electron 
micrographs. 

Figure  20.  Approximate  magnification,  5,00OX.  Tilt,  0°. 
Figure  21.     Approximate  magnification,    1S,000X.    Tilt,  0°. 

Figures  20  and  21  illustrate  scale-like  structures  on  the  surface  of  the  apical  bar  and  the 
apical  accessory  spine. 

Bosses  can  be  seen  in  figure  20. 
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Comment.  Dictyocha  fibula  var.  rhombus  and  Dictyocha  fibula  var.  stapedia 
can  be  distinguished  from  our  specimens  by  their  long  apical  bridge  bar  that  is 
parallel  to  the  major  axis,  and  by  their  relatively  smooth  surface.  The  specimens 
grade  from  oval  (near  circular)  (figs.  22,  24)  to  pointed,  elliptical  shape  (figs. 
17,  19).  Some  (figs.  29,  31)  are  almost  identical  to  those  figured  by  Deflandre 
(1950,  p.  69,  fig.  203).  Some  (figs.  22,  24)  are  unique  because  of  their  apical 
spine. 

This  form  appears  to  be  confined  to  the  Miocene.  However,  there  are  two 
reports  stating  that  it  has  been  found  in  Paleocene-Eocene  rocks;  and  one  stating 
that  it  has  been  found  in  Recent  oceans. 

Abundance.  About  10  percent  of  the  2,000  specimens  counted  were 
Dictyocha  fibula  var.  aspera  fa.  rhombica. 

Dimensions.  Average  maximum  length  with  spines,  68/x;  without  spines, 
55;a.  Average  maximum  width  with  spines,  42;^;  without  spines,  34/x. 

Dictyocha  fibula  Ehrenberg  var.  pentagona  Schulz. 

(Figure  44.) 

Dictyocha  fibula  Ehrenberg  var.   pentagona   Schulz,    1928,   p.   255,   figs.   41a-b.    Hovasse, 

1940,  p.  2,  figs.  1-3. 
Dictyocha  fibula  Ehrenberg  var.  hexagona  Marsh,-\ll,  1934,  p.  629,  figs.  6a-e. 
Dictyocha  fibula  Ehrenberg.   Ling,  1970,  pi.  18,  figs.  9,  10. 

Type  locality.    Mors,  Denmark.    No  age  was  given. 

Diagnostic  features.  Skeleton  has  five-sided  basal  body  ring;  five  (rarely 
six)  basal  radial  spines;  and  one  raised  apical  system  consisting  of  four  or  five 
lateral  rods  of  unequal  length  meeting  at  the  center  of  the  specimen,  or  at  the 
ends  of  the  central  apical  bar. 

Comment.  Hovasse  (1940,  fig.  1)  illustrated  a  form  similar  to  our  specimens. 
It  differs  from  ours  by  having  longer  basal  radial  spines.  Some  of  our  speci- 
mens have  a  bifid  basal  radial  spine,  very  similar  to  the  shape  illustrated  by 
Hovasse  (1940,  fig.  3).    S.  Marshall  (1934,  p.  630)  states  that  this  five-sided 


Figures  22-25.  Dictyocha  fibula  var.  aspera  fa.  rhombica  Schulz.  Scanning  electron 
micrographs. 

Figure  22.  Approximate  magnification,  1,100X.  Tilt,  0°.  Specimen  has  unique  twisted 
apical  accessory  spine. 

Figure  23.  Approximate  magnification,  10,000X-  Tilt,  45°.  Same  specimen  as  in 
figure  22.    End  of  unbroken  apical  accessory  spine. 

Figure  24.  Approximate  magnification,  1,100X.  Tilt,  45°.  Same  specimen  as  in 
figure  22  rotated  for  different  perspective.  In  this  orientation  apical  accessory  spine  appears 
to  be  a  lateral  rod. 

Figure  25.  Approximate  magnification,  10,0O0X.  Tilt,  0°.  Same  specimen  as  in 
figure  22.  Basal  body  ring  and  radial  spine  directly  below  end  of  apical  accessory  spine. 
Reticulations,  a  few  bosses,  and  a  scale-like  structure  are  on  the  surface. 
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form  is  not  a  rare  sport  for  it  appears  with  regularity  in  her  Great  Barrier  Reef 
materials.    In  our  samples,  variation  is  considerable. 

The  geological  range  of  this  variety  is  Eocene  to  Recent  (possibly  Paleocene 
to  Recent). 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Dictyocha  fibula  var.  pentagona. 

Dimensions.  Average  maximum  length  with  spines,  Sl/x;  without  spines, 
2)6jx.   Average  maximum  width  with  spines,  54/x;  without  spines,  37/x. 

Dictyocha  trifenestra  Ehrenberg. 

(Figures  43,  45.) 

Dictyocha  trifenestra  Ehrenberg,  1843,  p.  312,  372,  412,  440;  pi.  2,  fig.  12. 
Dictyocha  fibula  Ehrenberg  fa.  trifenestrata  Frenguelli,  1934,  p.  228,  fig.   1   (3). 

Type  locality.  Exact  locality  not  cited.  But  Ehrenberg  reported  the  species 
from  St.  Domingo,  Haiti.    The  age  was  given  as  Recent. 

Diagnostic  features.  Skeleton  elliptical;  short  radial  spines  at  ends  of 
major  and  minor  axes;  raised  apical  bridge  consists  of  three  lateral  rods  of 
unequal  length  meeting  near  the  center  of  the  specimen  or  near  the  basal  body 
ring. 

Comment.  This  species  may  also  include  three-window  forms  figured  as 
Dictyocha  ausonia  by  Deflandre.  In  1844  Ehrenberg  reported  this  species  from 
Oran,  Algeria  (no  age  given);  and  Frenguelli  in  1934  reported  it  living  off  the 
coast  of  Argentina. 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Dictyocha  trifenestra. 

Dimensions.  Average  maximum  length  with  spines,  59ju;  without  spines, 
49/x.   Average  maximum  width  with  spines.  40;a;  without  spines,  36/x. 

Genus  Distephaniis  Stohr 

Distephanus  Stohr,  1880,  p.  121.   Emended  by  Haeckel,  1887,  pp.  1562-1563. 

Type  species.  Distephanus  rotundus  (nom.  oblit.)  =  Dictyocha  speculum 
Ehrenberg  1838  [1840]  and  is  monotypic. 

World-wide  range  of  genus.  Upper  Cretaceous-Recent.  (Klement,  1963, 
and  Zanon,  1934,  report  occurrences  in  the  Albian  and  in  the  Middle  Triassic. 


Figures  26-2  7.  Distephanus  speculum  var.  septeiiarius  (Ehrenberg).  Scanning  electron 
micrographs. 

Figure  26.  Approximate  magnification,  1,100X-  Tilt,  0°.  Seven-sided  specimen  has  one 
broken  lateral  rod. 

Figure  27.  Approximate  magnification,  10,00OX-  Tilt,  0°.  Same  specimen  as  in  figure 
26.   Details  of  smooth  surface  of  basal  body  ring,  and  clean  break  of  the  hollow  lateral  rod. 
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Until  these  records  are  confirmed  the  Upper  Cretaceous  should  be  considered 
the  first  appearance  of  this  genus.) 

Distribution  of  genus.    Cosmopolitan. 

Comment.  Skeletal  varieties  are  so  numerous  that  transitional  forms  exist 
between  many  species  and  even  between  some  genera.  Such  transitional 
morphologic  types  have  caused  disagreement  in  regard  to  classification. 
Frenguelli,  Deflandre,  and  their  followers  have  used  this  morphologic  continuum 
to  support  suppression  of  the  genus  Distcphanus.  However,  all  taxonomic 
classifications  are  man-made  systems  superimposed  upon  a  continuum  of 
morphological  features.  It  is  apparent  to  experienced  students  of  this  group 
that  differences  in  opinion  as  to  the  classification  of  silicoflagellates  are  due  at 
least  in  part  to  incomplete  knowledge  of  living  forms  and  in  part  to  different 
interpretations  of  the  taxonomic  significance  of  some  morphologic  features. 

In  1880,  Stohr  (p.  121,  pi.  7,  figs.  8a,  8b,  9)  introduced  the  genus 
Distcphanus.  The  genus  as  defined  by  him  was  monotypic.  It  contained  only 
Distephanus  rotmidus  Stohr,  1880,  which  unfortunately  is  a  synonym  for 
Dictyocha  speculum  Ehrenberg,  1838  (1840).   This  oversight  by  Stohr  in  1880 


Figures  28-39.  Optical  microscope  photographs.  Silicoflagellates  are  individually  mounted. 
Specimens  not  in  one  plane  have  been  photographed  two  or  three  times,  each  time  at  a  dif- 
ferent level  in  order  to  show  different  parts  of  each  specimen. 

Dictyocha  fibula  var.  aspcra  fa.  rhombica  Schulz. 

Figure  28.     Apical  bridge  in  focus.    Approximate  magnification,  640X- 

Figure  29.     Basal  body  ring  and  radial  spines  in  focus.  Approximate  magnification,  640X- 

Dictyocha  fibula  var.  aspera  fa.  rhombica  Schulz. 

Figure  30.  Apical  bridge,  lower  left  portion  of  basal  body  ring,  and  radial  spine  in 
focus.    Approximate  magnification,   640X. 

Figure  31.  Upper  right  portion  of  basal  body  ring  and  radial  spine  in  focus.  Approxi- 
mate magnification,  640X- 

Dictyocha  fibula  var.  aspcra  fa.  rhombica  Schulz. 

Figure  32.     Apical  bridge   in   focus.    Approximate   magnification,   640X- 

Figure  ii.     Basal  body  ring  and  radial  spines  in  focus.   Approximate  magnification,  640X- 

Distephanus  speculum  fa.  minuta. 

Figure  34.     Basal  body  ring  and  radial  spines  in  focus.  Approximate  magnification,  640X- 

Figure  35.  Apical  ring  and  apical  accessory  spines  in  focus.  Approximate  magnifi- 
cation, 640X. 

Mesocena  circulus  (Ehrenberg). 

Figure  36.     Approximate  magnification,   640X- 

Distephanus  speculum   (Ehrenberg). 

Figure  37.     Apical  ring  in  focus.    Approximate  magnification,  640X- 

Figure  38.  Upper  and  left  portion  of  basal  body  ring  with  radial  spine  in  focus. 
Approximate  magnification,   640X- 

Figure  39.  Lower  and  right  portion  of  basal  body  ring  with  radial  spine  in  focus. 
Approximate  magnification,   640X. 
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was  discussed  by  Haeckel  (1887,  pp.  1552-1563)  who  emended  the  concept  [a 
polygonal,  commonly  hexagonal  siliceous  skeleton  with  radial  spines  at  each 
angle  and  with  a  smaller  raised  inner  polygon  (single  apical  window)]. 
Dictyocha  speculum  Ehrenberg,  1838  (1840),  became  the  type  species  for 
Distephaniis. 

It  is  convenient  to  retain  the  concept  and  name  of  Distcphanus  (which  means 
two  crowns:  referring  to  the  apical  and  basal  rings)  as  redefined  by  Haeckel. 
Since  1887  there  has  been  cosmopolitan,  consistent,  and  frequent  usage  of  this 
genus  (as  emended  by  Haeckel)  by:  Borgert  (1891);  Lemmermann  (1901); 
Schulz  (1928);  Gemeinhardt  (1930);  Marshall  (1934);  Zanon  (1934);  Wailes 
(1939);  Yanagisawa  (1943);  Mandra  (1960);  Tsumura  (1963);  Mandra 
(1963);  Glezer  (1966);  Mandra  (1968);  Mandra  and  Mandra  (1969,  1970); 
Ling  (1970):  Shitanaka  e/ o/.  (1970);  Hanna  (1970);  Ichikawa  e/ c/.  (1970); 
Bachmann  (1970);  and  others  listed  in  the  bibliographies  of  the  above  papers. 

For  further  justification  of  the  name  "Distephaniis,"  see  Glezer,  1966. 

Distephanus  crux  (Ehrenberg). 

(Figure  41.) 

Dictyocha  crux  Ehrenberg,  1840,  p.  207.    Tynan,  1957,  pi.  1,  figs.  3-8.     Stradner,  1961,  p. 

90,  pi.  2,  fig.  54.    Bachmann  and  Ichik.\wa,  1962,  pi.  1,  figs.  11,  12;  pi.  2,  fig.  21;  pi. 

7,  figs.   1-6,  8.    Bachmann  et  al,  1963,  pi.   16,  figs.   1,   7,  8,   12-15,   17;   pi.  21,  fig.   1. 

Bachmann,  1964,  pi.  2,  figs.  18,  19.    Bachmann,  1967,  pi.  3,  figs.  9,  14. 
Distcphanus  crux   (Ehrenberg).    Haeckel,   1887,  p.   1563.    Lemmermann,   1901,  p.   262,  pi. 

11,  figs.  6,  7.    Schulz,  1928,  pp.  255-256,  fig.  44.    Gemeinhardt,  1930,  pp.  57-58,  figs. 


Figures  40-48.     Camera  lucida  drawings. 

Distephanus  of.  D.  speculum  var.  regiilaris  Lemmermann. 

Figure  40.     One  bifid  radial  spine.    Approximate  magnification,  700X- 

Distephanus  crux   (Ehrenberg). 

Figure  41.     Apical  view.    Approximate  magnification,   700X. 

Distephanus  speculum  var.  pentagonus  Lemmermann. 

Figure  42.     Abapical  view.    Approximate  magnification,   700X. 

Dictyocha  trijenestra  Ehrenberg. 

Figure  43.     Apical  view.    Approximate   magnification,   700X- 

Dictyocha  fibula  var.  pentagona  Schulz. 

Figure  44.     Abapical  view.    Approximate  magnification,  700X. 

Dictyocha  trijenestra  Ehrenberg. 

Figure  45.     Apical  view.   Approximate  magnification,  700X. 

Cannopilus  triommata  (Ehrenberg). 

Figure  46.     Abapical  view.    Approximate   magnification,   700X. 

Distephanus  speculum  var.  pentagonus  Lemmermann. 

Figure  47.     One  bifid  radial  spine.    Approximate  magnification,   700X. 

Distephanus  cf.  D.  speculum  var.  regularis  Lemmermann. 

Figure  48.     Approximate  magnification,  70QX  • 
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49a-c.   Zanon,  1934,  pi.  1,  figs.  16,  17.    Tsumura,  1963,  pi.  11,  figs.  8,  9;  pi.  24,  fig.  14. 

Ling,  1970,  pi.  19,  fig.  5. 
Dictyocha  fibula  Ehrenberg.    Frenguellt,   1934,  p.   225,   fig.   2,   no.   9. 
Distephanus  crux  (Ehrenberg)  var.  crux  Glezer,  1966,  pi.  18,  figs.  1,  2,  S. 
Dictyocha  soljanii  Jerkovic,  1969,  p.  103,  fig.  49. 

Type  locality.   Caltanlsetta,  Sicily;  Upper  Miocene  (Sarmation). 

Diagnostic  features.  Skeleton  has  four-sided  basal  body  ring;  two  longer, 
equal-length,  basal  radial  spines,  one  at  each  end  of  the  major  axis;  two  shorter, 
equal-length,  basal  radial  spines  one  at  each  end  of  the  minor  axis;  four  basal 
windows  each  partially  bounded  by  the  apical  ring  and  basal  body  ring;  and 
one  apical  window. 

Comment.  The  geological  range  of  this  species  is  Cretaceous  to  Recent. 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Distephanus  crux. 

Dimensions.  Average  maximum  length  with  spines,  62/x;  without  spines, 
34/x.  Average  maximum  width  with  spines,  42/x;  without  spines,  31/^. 

Distephanus  speculum   (Ehrenberg). 

(Figures  37,  38,  39.) 

Dictyocha  speculum  Ehrenberg,  1838  [1840],  p.  129,  pi.  4,  fig.  Xn.  Ehrenberg,  1854,  pi. 
18,  fig.  57;  pi.  19,  fig.  41;  pi.  21,  fig.  44b;  pi.  22,  fig.  47.  Stohr,  1880,  p.  121,  pi.  7, 
fig.  8.  Deflandre,  1936,  p.  2  7,  fig.  30;  p.  37,  fig.  60.  Frenguelli,  1938,  p.  120,  figs. 
3a,  3b,  3c,  3d.  Frenguelli,  1940,  p.  43,  fig.  la.  Deflandre,  1950,  p.  32,  fig.  90;  p. 
40,  fig.  121.  Bachmann  and  Ichikawa,  1962,  pi.  3,  fig.  56;  pi.  8,  fig.  10.  Bach- 
MANN,  1964,  pi.  2,  fig.  10.  DuMiTRicA,  1968,  p.  232,  pi.  2,  fig.  12.  Jerkovic,  1969,  p. 
105,  figs.  103,  104;  p.  119,  pi.  5,  fig.  6. 

Dictyocha  gracilis  Kutzing,  1844,  p.  140,  pi.  30,  fig.  67. 

Distephanus  speculum  (Ehrenberg).  Haeckel,  1887,  p.  1565.  Lemmermann,  1901,  p.  263, 
pi.  11,  fig.  11.  Lemmermann,  1908,  p.  30,  fig.  99.  Gemeinhardt,  1930,  p.  61,  figs. 
S3a-h.  Gemeinhardt,  1931,  pi.  10,  fig.  1.  Deflandre,  1932a,  p.  497,  fig.  14.  Deflandre, 
1932b,  p.  11,  figs.  1-3;  p.  19,  fig.  45.  Frenguelli,  1934,  p.  227,  fig.  3,  no.  16.  Marshall, 
1934,  p.  626,  fig.  2.  Zanon,  1934,  figs.  35,  36,  37.  Wailes,  1939,  p.  9,  fig.  19.  Tsumura, 
1963,  pi.  12,  fig.  4;  pi.  24,  fig.  8.  Mandra,  1968,  p.  262,  figs.  61,  76,  79.  Ling,  1970, 
pi.  19,  fig.  13.  Hanna,  1970,  p.  225,  figs.  71,  72.  Shitanaka  et  al.,  1970,  p.  14,  figs. 
5a,  5b,  6a,  6b. 

Dictyocha  boliviensis  Frenguelli,  1940,  p.  47,  fig.  4a. 

Cannopilus  sphaericus  Gemeinhardt.    Frenguelli,   1940,  p.  49,   fig.  5d. 

Distephanus  speculum  var.  speculum  Glezer,  1966,  p.  282;  p.  205,  fig.  13,  nos.  3,  4;  p.  232, 
fig.  21,  no.  1;  pi.  19,  figs.  8,  9;  pi.  20,  figs.  7-11. 

Type  locality.  Exact  locality  not  known,  but  Ehrenberg  reported  the 
species  from  Caltanisetta,  Sicily;  Oran,  Algeria;  and  Greece.  No  ages  were 
given. 

Diagnostic  features.  Skeleton  has  six-sided  (occasionally  five-sided)  basal 
body  ring;  six  (occasionally  five)  basal  radial  spines;  one  raised  apical  system 
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consisting  of  six  (occasionally  five)  lateral  rods  connecting  the  basal  body  ring 
to  the  apical  ring;  planes  of  two  rings  are  parallel;  and  basal  accessory  spines. 

Comment.  This  species  has  little  stratigraphic  value  because  of  its  long 
geologic  range  (Cretaceous  to  Recent).  However  it  has  paleoecological  signif- 
icance: when  abundant  it  indicates  cool  water;  and  when  rare,  it  could  indicate 
warm  water.    There  is  considerable  morphologic  variation  in  this  species. 

Abundance.  About  20  percent  of  the  2,000  specimens  counted  were 
Distephanus  speculum. 

Dimensions.  Average  maximum  length  with  spines,  66/x;  without  spines, 
29jx.   Average  maximum  width  with  spines,  41|U,;  without  spines,  21  p.. 

Distephanus  speculum  fa.  minuta  Bachmann. 

(Figures  34,  35.) 

Dictyocha  speculum  Ehrenberg.    Stradner,   1961,  p.  91,  pi.  3,  figs.   71,  80,  81.    Bachmann 

AND  IcHiKAWA,  1962,  p.  170,  pi.  3,  fig.  48.    Bachm.wn,  1964,  pi.  2,  fig.  9. 
Dictyocha  speculum  Ehrenberg  fa.  minuta  Bachmann,  1967,  p.  161,  pi.  7,  figs.  12-24. 

Type  locality.  lida  diatomite,  Otokawa  formation,  lida  member,  Hirotani, 
Uedo-mach,  Suzu,  Prefecture  Ishikawa,  Japan.    Lower  part  of  Upper  Miocene. 

Diagnostic  features.  Skeleton  has  six-sided  basal  body  ring;  six  basal 
radial  spines,  with  the  two  spines  along  the  major  axis  twice  the  length  of  the 
other  four;  six  basal  windows  each  of  which  is  bounded  by  part  of  the  apical 
ring  and  by  part  of  the  basal  body  ring;  and  one  apical  window  almost  as 
large  as  the  basal  body  ring. 

Comment.  This  form  resembles  Distephanus  speculum  sensu  stricto  but 
differs  from  it  by  being  smaller,  and  by  its  proportionally  larger  apical  window. 

To  date  this  form  has  been  reported  only  from  the  Miocene. 

Abundance.  About  50  percent  of  the  2,000  specimens  counted  were 
Distephanus  speculum  fa.  minuta. 

Dimensions.  Average  maximum  length  \vith  spines,  43ja;  without  spines, 
24/x.   Average  maximum  width  with  spines,  24/x;  \vithout  spines,  18fi. 

Distephanus  specukim   (Ehrenberg)  var.  pentagonus  Lemmermann. 

(Figures  42,  47.) 

Distephanus  speculum    (Ehrenberg)    var.   pentagonus   Lemmermann,    1901,   p.    264,   pi.    11, 

fig.  19. 
Distephanus  speculum   (Ehrenberg)   Haeckel.    Ling,  1970,  pi.  19,  figs.  11,  12. 

Type  locality.  Not  cited.  Lemmermann  states  the  species  came  from  the 
Challenger  Expedition. 

Diagnostic  features.  Skeleton  has  five-sided  basal  body  ring;  five  basal 
radial  spines;  and  one  raised  apical  bridge  consisting  of  one  apical  window  and 
five  lateral  rods  connecting  the  apical  ring  to  the  basal  body  ring. 

Comment.   This  form  is  rare,  and  appears  to  be  confined  to  the  Miocene. 
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Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Distephanus  speculum  var.  pentagonus. 

Dimensions.  Average  maximum  length  with  spines,  51/x;  without  spines, 
2)2>ix.   Average  maximum  width  with  spines,  6Sjx;  without  spines,  39/ix. 

Distephanus  cf.  D.  speculum  var.  regularis  Lemmermann. 

(Figures  40,  48.) 

Distephanus  cf.  D.  speculum  var.  regularis  Lemmermann,  1901,  p.  263,  pi.  11,  figs.   12,  13. 
Lemmermann,  1908,  p.  30,  fig.  100. 

Type  locality.  Exact  locality  not  cited.  Lemmermann  reported  the  species 
from  the  Baltic  Sea  and  the  Pacific  Ocean.   No  ages  were  given. 

Diagnostic  features.  Skeleton  has  six-sided  basal  body  ring;  six  (occasion- 
ally seven)  basal  radial  spines  of  equal  length;  six  basal  windows  each  partially 
bounded  by  the  apical  ring  and  basal  body  ring;  and  one  apical  window. 

Comment.  There  is  considerable  morphologic  variation  in  this  species.  The 
geologic  range  of  this  variety  appears  to  be  Eocene  to  Recent. 

Abundance.  About  10  percent  of  the  2,000  specimens  counted  were 
Distephanus  cf.  D.  speculum  var.  regularis. 

Dimensions.  Average  maximum  length  with  spines,  59ja;  without  spines, 
2)6ix.   Average  maximum  width  with  spines,  A9jx\  without  spines,  Z?>jx. 

Distephanus  speculum  var.  septenarius  (Ehrenberg). 

(Figures  26,  2  7.) 

Dictyocha  septenaria  Ehrenberg,   1844,  pp.  64,  80.    Ehrenberg,   1854,  pi.  21,  fig.  45;   pi. 

35a   (XXI),  fig.  8. 
Dictyocha  ornamentum  Ehrenberg,  1844,  p.  80.    Ehrenberg,  1854,  pi.  22,  fig.  49. 
Distephanus  speculum   (Ehrenberg).    Borgert,  1891,  pi.  33,  fig.  6.    Ling,  1970,  pi.   19,  figs. 

16,  17. 
Distephanus    speculum    var.    septenarius    (Ehrenberg).     J0rgensen,     1899,    p.    SO,    fig.    7. 

Lemmermann,  1901,  pi.  11,  fig.  16.  Lemmermann,  1908,  p.  31,  fig.  103.    Schulz,  1928, 

p.  261,  figs.  58a,  58b.    Gemeinhardt,  1930,  p.  68,  fig.  58c.   Deflandre,  1932b,  p.  19,  fig. 

48.   Zanon,  1934,  fig.  46. 
Distephanus  speculum  var.  septenaria  (Ehrenberg).   Wah-es,  1939,  p.  10,  figs.  21a,  21b. 
Dictyocha  speculum  Ehrenberg.    Stradner,   1961,  p.   91,  pi.   3,   fig.   75.    Jerkovic,   1969,  p. 

105,  fig.  111. 

Type  locality.   Oran,  Algeria;  Middle  Miocene. 

Diagnostic  features.  Skeleton  has  seven-sided  basal  body  ring;  seven 
basal  radial  spines;  seven  basal  windows  each  partially  bounded  by  the  apical 
ring  and  basal  body  ring;  and  one  apical  window. 

Comment.  This  form  is  rare.  It  appears  to  be  confined  to  the  Miocene  to 
Present  interval. 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Distephanus  speculum  var.  septenarius. 
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Dimensions.  Average  ma-ximum  length  ^vith  spines,  64//,;  ^vithout  spines, 
22 IX.  Average  maximum  width  with  spines,  38/i;  without  spines,  21/i,. 

Genus  Mesocena  Ehrenberg 

Mesocena  Ehrenberg,  1843,  p.  401. 

Type  species.  (By  subsequent  designation,  A.  R.  Loeblich,  III,  L.  A. 
Loeblich,  Tappan  and  Loeblich,  1968,  p.  54)  "Mesocena  octogona  Ehrenberg, 
1843,  p.  302,  379,  417,  438.  Type  species  can  neither  be  M.  elliptica  (Ehren- 
berg), as  stated  by  Frenguelli,  1940,  p.  69,  nor  M.  circuliis  (Ehrenberg)  as 
stated  by  Glezer,  1966,  p.  282,  as  these  species  were  not  included  in  the 
publication  wherein  Mesocena  was  validated  by  description."  (From  Loeblich 
etal,  1968,  p.  54) 

World-wide  range  of  genus.    Eocene  to  Miocene  (possibly  Paleocene  to 
Miocene) . 

Distribution  of  genus.   Cosmopolitan. 

jMesocena  circulus  (Ehrenberg). 
(Figure  36.) 

Dictyocha  circulus  Ehrenberg,  1840,  p.  208. 

Mesocena   circulus   Ehrenberg,    1844,   p.    65.     Ehrenberg,    1854,    pi.    19,    fig.    44.     Schulz, 

1928,  p.  242,  fig.  14.    Glezer,  1966,  p.  306,  pi.  29,  fig.  8. 
Mesocena  circulus  var.  apiculata  Leaoiermann,  1901,  pi.  10,  fig.  9.    Schulz,   1928,  p.  242, 

figs.  15a-c.    Gemeinhardt,  1930,  p.  34,  fig.  19. 

Type  locality.   Aegina,  Greece;  Upper  Miocene. 

Diagnostic  features.  Hollow,  circular  rod  with  bosses  and  slight  granu- 
lations. 

Comment.  The  late  Eocene-early  Oligocene  specimen  illustrated  by  Glezer 
(1966,  pi.  29,  fig.  8)  is  almost  identical  to  our  specimens.  Those  illustrated  by 
Ehrenberg,  Lemmermann,  Schulz,  and  Gemeinhardt  differ  from  ours  by  having 
more  bosses  and  more  granulations. 

This  species  has  been  reported  in  Eocene  to  Miocene  rocks.  However,  recent 
work  seems  to  indicate  that  this  species  might  extend  into  the  Pliocene. 

Abundance.  Less  than  1  percent  of  the  2,000  specimens  counted  are 
Mesocena  circulus. 

Dimensions.   Average  maximum  size  varies  from  47/x  to  60/x. 
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